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During  a  series  of investigations,  taken  up at  the instance  of the 
Surgeon  General  of  the  Army,  concerning  the  functional  effects 
following exposure  to  d~nethylsulfate  and  chloropicrln  in a  gaseous 
or finely subdivided state, Jt was noted accidentally that  these  two 
war gases reduced pain perception to an astonishingly low level.  This 
analgesia was so profound in many cases that a  laparotomy could be 
performed  without  any  indication  of  pain  and  without  markedly 
influencing the blood pressure.  As this effect seems to be practically 
unknown,  numerous  experiments  were  carried  out  to  test pain  per- 
ception in gassed cats.  The results justify the statement that the two 
war gases mentioned strikingly reduce pain perception in cats under 
the conditions which will be described. 
The  only reference in  the literature  of war gases  bearing  on  this 
aspect which I have been able to find, is an article by Naiding. x  This 
author had the opportunity of examining soldiers gassed with chlorine 
and phosgene, and states, among other observations, that numbers of 
them  exhibited  a  general  or localized loss  of pain  perception;  thus, 
* A preliminary note was published in the Proceedings of the Society/or Experi- 
mental Biology and Medicine  (Auer, J., Proc. Soc. Exp. Biol. and Med., 1917-18, 
xv, 104).  The final  publication  was delayed by conditions beyond the control 
of  the  author. 
This work forms part of some war gas investigations which began in 1917 and 
were undertaken  at  the  suggestion of Dr.  Simon Flexner  and  Dr.  Henry D. 
Dakin.  I am under special obligation to Dr. Dakin for numerous helpful sugges- 
tions concerning methods  of gassing, precautions  to be observed, and  also for 
kindly supplying me with  ehloropicrin. 
l Nalding, M. N., Russk. Vrach, 1917, xvi, 391. 
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he  noted  that  the  analgesia involved  the  skin of  the  whole  body  in 
some,  while in  others  it was  localized in  the  forehead,  scalp,  hands, 
or feet.  There  is no record that  deep pain perception was  tested. 
Methods. 
Cats only were utilized in this investigation for reasons of  convenience.  The 
gas chamber was of the ice box type with a cubic capacity of 200  liters.  In  two 
of the walls large glass windows were sealed so that the entire chamber could be 
readily inspected at any time; fogging of the glass panes  was prevented by using 
a commercial soap sold for this purpose.  One side of the chamber was formed by 
a  completely removable door.  Gas tightness was obtained by carefully filling all 
visible cracks in  the  wall of  the  inner chamber with putty and  then  applying 
several coats of white enamel.  The door was made gas-tight by providing two 
soft rubber gaskets, one glued on the door and the other to the box.  Before closure 
the contact surfaces were covered with vaseline.  Complete contact was assured 
by four lever handles on the box which fitted in corresponding hooks on the door. 
The cats were gassed in a wire cage, this container being placed on brackets in 
the chamber.  The brackets were about 5 inches from the floor of the  chamber 
so that the animal was at the same level as the window during the gassing period. 
Under the wire cage an enameled pan was placed to prevent soiling of the chamber. 
The  heat  necessary  for  vaporizing  the  dimethylsulfate  or  chloropicrin was 
furnished by an electric hot-plate which could be set to reach 250°C.  This plate 
was located in one corner on the floor and its switch was placed on the outside 
of the chamber.  The hot-plate also served as a convenient means of maintaining 
the chamber temperature between 25  ° and 30°C.  The temperature was read from 
a thermometer suspended near a window in the chamber. 
As the gases employed were heavier than  air, a  small motor-driven fan was 
screwed in  a  corner of  the  chamber.  This  fan was kept in motion constantly 
throughout the experiment and prevented the gas vapors from settling to the floor. 
The duration of gassing was kept constant  for each  of  the various series of 
experiments.  With dimethylsulfate the cats were gassed for 1 hour in the great 
majority of experiments.  With chloropicrin the duration of gassing was either 
t  or 1 hour in most cases. 
The concentration of gas chosen was such  that death resulted in a  majority 
of the animals within 1 to 4 days after gassing.  This was determined by a series 
of trials and was as follows for the two gases: for dimethylsulfate 4.5  to  10,000 
air; for chloropicrin 1 to 10,000  air. 
The  amount  of liquid necessary to  produce  the required concentrations was 
readily calculated.  Thus 20 cc. of gas were needed to give 1 to 10,000  concen- 
tration in a chamber of 200 liters capacity.  As the molecular weight in grams of 
each liquid produces roughly 22 liters of gas, the weight of liquid required for 20 
co. of gas was determined and then translated into measure by volume.  Curiously 
enough,  the  volumes  of dimethylsulfate and  chloropicrin necessary  to  produce jom¢  AU~  99 
20 cc. of gas were identical: 0.087 cc. for dimethylsulfate and 0.088 cc. for chloro- 
picrln.  For practical purposes 0.09 cc. was considered the amount necessary for 
a 1 to I0,000 concentration.  No corrections were made for temperature. 
From these conditions it will be seen that the calculated concentration of the 
war gas would only be maintained for a  short time, because condensation and 
droplet formation would begin shortly after vaporization.  The gas concentration 
would  then necessarily sink.  This was not considered a  drawback because the 
same conditions were maintained as far as possible throughout all the experiments; 
moreover, it is believed that this arrangement presents a closer approximation to 
conditions existing on the battle-field after the explosion of gas shells, than  the 
ordinary procedure in which the desired gas concentration is drawn through the 
testing chamber. 
Dimethylsulfate, (CHs),SO4,  is a liquid at ordinary temperatures with a specific 
gravity  of 1.32  and a  boiling point  of  188°C.  Chloropicrin,  or  trichlornitro- 
methane  (CC13NO2), is also a liquid and possesses a  specific gravity of 1.69  and 
a boiling point of 112.8°C. 
The chamber was evacuated by suction after the gassing period, the door of 
the chamber being perforated by two stop-cocks with ix inch lumen.  These cocks 
were located in the upper and lower parts of the door respectively.  The chamber 
gases were drawn off through the lower cock, while the upper one was open.  Suc- 
tion was  furnished  by the  house  vacuum  system.  Before  the  war  gases were 
allowed to enter the vacuum system, they were passed through absorbents.  For 
dimethylsulfate vapors 30 per cent NaOH wash bottles and soda llme tubes were 
used; for the chloropicrin gas,  charcoal tubes were introduced into the  system. 
The routine time allowed for evacuation was 30 minutes. 
Thick rubber gloves were worn while removing the cage from the gas chamber 
and while cleaning it and the wire cage.  The laboratory helpers were also encour- 
aged to wear the regulation army gas mask (older form with nose clip) as a routine 
measure during the process of gassing; an hour's trial, however, invariably  brought 
the conviction that this additional factor of safety was superfluous. 
The precautions observed may seem excessive when it is considered that frac- 
tions of a cubic centimeter of the war liquids sufficed to give the desired gas con- 
centration in the chamber, and that this amount completely vaporized in an aver- 
age sized, well ventilated room would be entirely devoid of danger.  The pre- 
cautions,  however,  were  made  obligatory to  counteract  the  depressing mental 
effect which war gas work exerted initially upon the helpers. 
The methods employed in  testing the analgesia produced by dimethylsulfate 
and by chloropicrin will be described in the section dealing with the experiments. 
General Picture. 
Before entering upon the subject of this paper it is necessary to give a brief de- 
scription of the chief reactions which the cat exhibits during and after the period 
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5 per 10,000 of air, the cats show a swiftly increasing irritation of the respiratory 
mucous membranes and of the conjunctiva.  There is, first, winking of the eye- 
lids, narrowing of the lid aperture, licking of the nose, and increased tear secretion. 
A little later the eyes are kept more or less closed.  Sneezes and slight coughs now 
are noticed and a  clear, watery  saliva  drips from  the jaws.  This watery saliva 
is soon replaced by a viscous secretion which hangs in gelatinous ropes from  the 
angles of the mouth.  At this stage the mouth is kept open most of the  time, as 
apparently the nasal passages are obstructed.  The respiration of the cat varies 
from 20 to 27 per minute and is not labored; towards the end of the gassing period 
most animals show short spells of polypnea, during which the tongue is protruded 
and the cat pants like a dog.  Vomiting may occur during the last half of the gas- 
sing period or shortly after removal from the gas chamber.  In general there is 
only a moderate restlessness at the start and then the animal lies or squats in a 
normal position on the floor of the cage.  Certain animals,  however,  exhibit  con- 
siderable excitement while being gassed, and this was more frequent among females 
than among males.  The excitable cats were generally more severely affected by 
the same concentration than their more stolid mates.  The mucous membranes 
of the mouth, and the tongue were usually red-pink throughout the gassing period, 
only occasionally was a slight cyanosis observable.  It is worthy of note that most 
of the cats seemed astonishingly comfortable on the whole in the gas chamber. 
After removal from the gas chamber the cats appeared to be in excellent gen- 
eral condition, but were disinclined  to make any unnecessary movement; some 
muscular impairment was shown occasionally by a slight stagger on walking and 
by the short duration and weakness of resistance when examined.  The animals 
preferred to crouch quietly in one place with head slightly extended and eyes dosed. 
Inspection showed the jaws slightly open; slight or no salivation; moderately slow 
respiration,  about  25  or 30 per minute, accompanied by rhonchi; expiration was 
slightly prolonged and active.  On gently separating the lids the corneas generally 
exhibited a centrally located, oval, milky opacity, and the conjunctivae and nicti- 
tating membranes were reddened and swollen.  Auscultation revealed the lungs 
filled  with  snoring,  groaning,  ducking r~.les.  These  r~les  largely obscured  the 
heart sounds.  The blood pressure in the femoral artery was always at least 100 
nun.  Hg., generally more.  From now on the  course was usually progressively 
downward.  The  respiration  became  more  and  more  labored;  inspiration  was 
slow and accompanied by a wide opening of the jaws; occasionally some retraction 
of the costal margins was observable during inspiration; expiration was usually 
prolonged and active.  The mucous membranes were usually of a good color, but 
slight  exertion  of  the  animal  sufficed  to  bring  on  a  definite  cyanosis.  Death 
generally took place within 4 days, though some cats survived for months. 
No food or water was taken by the cats which succumbed in 3 to 4 days; any 
attempt to swallow apparently led to choking. 
Autopsy revealed a marked inflammation of the entire respiratory tract.  The 
pharynx was reddened and occasionally covered with patches of yellow exudate; JOHN  AVER  101 
the epiglottis  was reddened, edematous, and occasionally  covered with a gelatinous 
exudate.  In some instances the tip of the epiglottis was occupied by a  vesicle 
of edematous tissue.  The entrance to the larynx may be a mere slit in a water- 
logged mass of tissue. 
On opening the trachea and bronchi the entire mucosa was found covered by 
a  grayish, gelatinous, thick membrane which extended apparently into the finer 
bronchioles.  This membrane could be readily removed and formed a tough mass; 
frequently it was possible to obtain what seemed to be perfect tubular casts of 
a  large  part  of  the  bronchial  tree.  The  thickness  of  this  pseudodlphtheritic 
membrane was often so great that the tracheal lumen on inspection seemed largely 
occluded, and some of the smaller bronchi were apparently completely plugged. 
Pulmonary edema was not frequent, and when present was remarkably localized, 
involving only one lobe or only a portion of a lobe.  2 
Chloropicrin gas ha a  concentration of 1 to  10,000  for 30 minutes or 1 hour 
causes symptoms which are ha general similar to those obtained with dimethyl- 
sulfate.  The main differences will appear in the following brief description. 
As soon as the cat or cats are introduced into the gas chamber and before the 
chloropicrin has been heated,  the  animals wink rapidly and  salivation begins. 
Within 1 minute ropy masses of saliva hang from the angles of the jaws; oftentimes 
clear, watery saliva drips over these glairy appendages.  The salivation reaches 
a  maximum and towards the end of the gassing period may have largely disap- 
peared,  as in dimethylsnlfate intoxication.  Retching and vomiting may occur 
early and is more frequent than with dimethylsnlfate,  During the early period of 
gassing a moderate restlessness is apparent.  This is followed by a stage of quies- 
cence during which the cat squats or crouches in the cage.  Occasionally a short fit 
of restlessness intervenes.  The respiration at the beginning of gassing is about 
25 per minute; towards the end of the period it is generally shallower and faster, 
50 per minute, with a  slight active expiration.  The prolonged active expiration 
seen with dimethylsulfate was absent, nor was opening of the jaws with inspiration 
such a prominent feature during and after chloropicrin gassing as when dimethyl- 
sulfate was employed.  There was no evidence of marked asphyxia throughout 
the experiment, judging from the pink color of the tongue and mucous membranes 
of the mouth. 
After removal from the gas chamber the cats were quiet and only slightly sali- 
vated.  The respiration often was composed of short, weak inspirations followed 
by a sudden, sharp, active expiration.  Auscultation showed the chest filled with 
coarse rides, which obscured the heart sounds.  Muscular weakness was shown by 
feeble resistance to extension and by a disinclination to move.  In the majority 
of  instances  death  occurred  within  48  hours  after  gassing  with  chloropicrha 
1 : 10,000 for ½ to 1 hour; a few cats, however, survived for months. 
The autopsy exhibited a picture quite different from that produced by dimethyl- 
sulfate.  The larynx and trachea were moist and pale, without any congestion 
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or membrane formation.  Foam and fluid were generally found in the trachea; 
the lungs were large, heavy, and mottled with moist brownish areas and fresh 
hemorrhages.  On closer examination these brown areas were seen to be areas of 
lung alveoli completely filled with fluid; the borders of the lobes were often emphy- 
sematous.  On section,  fluid poured from the cut surface as if from a  saturated 
sponge.  The parenchyma also often revealed numerous and large hemorrhages. 
On the surface of the section each br6nchus and bronchiole  was surrounded by a 
translucent, moist, gray zone of edema and the lymphatic trunks near the hllus 
were  always  engorged  with  clear  fluid.  This  engorgement of  the  pulmonary 
lymphatics is observable at a  time when the lung alveoli contain but  traces of 
edema fluid,  for example in  cats killed  after  15  minutes  exposure to  the  gas. 
The edema was usually most pronounced in the lower lobes, though all lobes were 
involved.  The degree of edema was often so great that moderate compression 
of the chest caused a gush of liquid from the trachea. 
The diaphragm level was often abnormally low, due to a tonic contraction of 
its muscle fibers as indicated by the ridge formation of the muscle tissue at its 
tendinous insertion.  This tonic contraction was also observed in cats in which 
a biopsy was carried out, and is perhaps ascribable to an intra ~itam, partial rigor. 
The  heart  muscle  was  usually  brownish  in  color  and  flabby.  On  section, 
macroscopic hemorrhages in the left branches of the His bundle were frequently 
observed. 
Analgesia. 
Reduction  of  the  capacity  to  perceive  ordinarily  painful  stimuli 
was first observed during a  tracheotomy performed to save an animal 
from  the  effects  of  a  laryngeal  stenosis.  This  animal  had  been 
gassed with dimethylsulfate 24 to 36 hours previously when suddenly 
it  showed  restlessness,  the  tongue  and  mucous  membranes  became 
bluish,  the  respiration  was  labored,  and  with  each  inspiration  the 
costal margins now sank inwards.  Tracheotomy was  carried  out  at 
once and the symptoms were relieved. 
Before  describing  the  tests  it  is  important  to  emphasize  that 
all  the  manipulations  were  carried  out  with  the  greatest  care  and 
were always executed in a  fixed way.  The mild tests were invariably 
applied  first  and  if  they  indicated  analgesia,  other  procedures  were 
cautiously  attempted.  As  soon  as  a  definite  restlessness  developed 
the test was discontinued.  The cats were usually killed by iDjecting 
10 to 15 cc. of ether into the trachea. 
The tests were carried out while the cats were either lying or squat- 
ting  on  a  table  or  when  they  were  extended  back  down.  A  sharp, 
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skin of the body, the toe pads, and tail by means of a hemostat caused 
in typical cases no sign of pain.  After the stimulus, the compressed 
ear was flattened against the skull,  the head drawn to one side, the 
foot pulled  away,  or  the  tail  twitched aside.  In  the normal cat a 
sudden moderate pressure upon the tail usually calls forth a  short, 
strident yowl, an arching of the back, and a sidewise retreat while the 
animal spits  a  few times and glares with apprehensive resentfulness 
at the experimenter. 
With the greatest precaution further tests were then made.  It was 
found that the carotid or femoral artery could be exposed and freed 
from  the  accompanying nerves,  that  large  flaps  of  skin  could  be 
resected,  and  that  the  tibialis  anticus muscle and  tendon  could be 
dissected  free,  without  causing  any  or  only  slight  and  indefinite 
evidences of pain.  These evidences consisted chiefly of a slight rest- 
lessness and probably denoted  discomfort  rather than pain, for nor- 
mal  cats  are  not  diffident about  responding  vocally  to  traumatic 
stimuli. 
Still  further  experimentation  showed  that  the  peritoneal  cavity 
could be opened in the midline; that, furthermore, a loop or loops of 
intestine  could  be  delivered  through  the  laparotomy  wound  and 
gently pulled, or that the parietal peritoneum could be rubbed with 
the finger without eliciting more than a  slight general rolling motion 
of the body (Figs. 2 and 3). 
However, marked stretching of a mixed nerve or of the mesentery, 
a strong electrical stimulation of an afferent nerve, all produced signs 
which could be interpreted as evidences of some perception of discom- 
fort or even pain:  the animal became moderately restless, the respi- 
ration  quickened  and  deepened,  and  the  blood  pressure  exhibited 
some elevation of its level. 
The  analgesia was  generally well established within  a  few hours 
after gassing and within 24 hours reached a maximal degree.  These 
a~mals were often in an apparently excellent condition,  and  Figs. 1 
and 2 present an autographic record of how animals of this type fail to 
respond to ordinarily painful stimuli. 
The record of Fig. 1 was furnished by a cat which had been gassed 
with dimethylsulfate in a concentration of 4.5 to 10,000  air for 1 hour. 
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fed  shortly  before gassing.  26  hours  after  gassing  he  was  in  good 
general condition,  though respiration was slow, slightly  audible,  and 
accompanied by some retraction of the costal margins; expiration was 
active  and  prolonged;  the  respiration  rate  was  32  per  minute;  his 
voice  was  hoarse.  There  was  no  obvious  muscular  weakness  and 
the  animal  jumped  with  ease and  coordination  from  the  examining 
table  to  the  floor.  No  food had  been  taken  since  exposure  to  the 
war gas, and his weight now was 3,760 gm., showing a loss of 390 gm. 
As soon as  the  animal  was extended  upon his  back,  the inspiration 
became more labored and snoring, and retraction of the costal margins 
increased  in  extent.  The  trachea  was  now  exposed  and  partially 
slit transversely; the dyspnea was at once relieved, the inspiration now 
was unlabored  and no longer accompanied by a snoring  sound or by 
a costal retraction; expiration was also easier but was still moderately 
active.  The  trachea  was surrounded  by a  zone of  emphysema and 
the  tracheal  lumen  was  partly  obstructed  by  a  thick,  gelatinous, 
membranous sheath,  a  part  of which was removed?  The  operation 
developed  not  the  faintest  sign  of  pain;  the  animal  was  perfectly 
quiet  and  the  tongue  and  mucous  membranes  had  a  better  pink 
color than  before.  The left tibialis anticus muscle and left peroneal 
nerve were now completely dissected free and  the nerve cut without 
any  sign  of pain;  the  cat  rested  quietly  on  its  back  and  only  the 
respiration showed a transitory acceleration in rate after section of the 
nerve.  The  animal  was  then  prepared  for  recording  the  blood 
pressure  in  the  right  femoral  artery.  The  section  of  the  skin,  the 
freeing of the  artery from  the  crural  nerve by blunt  dissection,  the 
placement of the nerve on a loop of thread,  all caused no restlessness 
and  the  animal  remained  as  quiet  as  if  under  the  influence  of  an 
anesthetic.  Stimulation  of the intact  crural  nerve with  the  faradic 
current  (300 ram.  coil distance,  two Daniell cells, Petzold  coil, cable 
electrodes) induced a slight rolling motion of the animal accompanied 
by a blood pressure rise of 13 mm. Hg. (Fig. 1).  Slight movements of 
the cat also caused elevations of the pressure by about 20 ram.  Hg. 
8 Removal of the tracheal membranous exudate is always dangerous because a 
section may be aspirated and plug the trachea and bronchi.  For the same reason 
a transverse section of the trachea should never completely sever the tube of mem- 
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Exposure  and  severance  of  the  left  vagosympathetic  nerve  were 
painless.  The cardiac vagus endings exhibited perhaps some reduc- 
tion of sensitiveness, for a  coil distance of  100 ram.  was necessary 
to  obtain  the  characteristic  slowing  of  the  heart  (Fig.  1).  The 
motor vagus  endings in  the  esophagus reacted vigorously when the 
peripheral vagus was electrically stimulated with the coils 150 ram. 
apart.  Stimulation of the central vagosympathetic trunk produced 
characteristic respiratory effects: slowing and deepening of the respi- 
ration associated with inspiratory stoppage broken by short vigorous 
expirations when a  strong current was used (150 ram.  coil distance; 
see  Fig.  1).  No  respiratory  stoppage  in  expiration  was  observed 
with the current strengths employed.  The blood pressure exhibited 
the characteristic depressor type of fall when the left central vago- 
sympathetic trunk  was  stimulated.  The  depressor  portion  of  the 
vagosympathetic trunk was exceedingly sensitive, mere placement of 
the nerve stump on the platinum electrodes sufficed to cause a  fall 
of  20 mm. Hg.  (Fig.  1).  The eye responded well to stimulation of 
the left central vagosympathetic trunk; with 250  mm. coil distance 
the nictitating membrane retracted slowly, but the pupil showed no 
dilatation; with 200 mm. the nictitating membrane retracted well and 
the pupil dilated strongly; on stoppage of the stimulation, the pupil 
contracted promptly to its original slit-like form.  The tibialis anticus 
muscle exhibited no sign of fatigue when stimulated indirectly (pero- 
heal nerve)  with short tetanlzing currents, 150 ram. coil distance, at 
2 second intervals for 6 minutes.  After 1 hour the rectal temperature 
was 35.7°C. 
The depth of the analgesia was still further tested by opening the 
peritoneal  cavity  in  the  median  line.  There  was  no  evidence  of 
pain  and  the  cat  remained practically immobile.  Insertion of  the 
finger into the peritoneal cavity and gentle friction of the parietal 
peritoneum caused no resistance.  The arteries of the intestine were 
bright red, while the veins were quite dark in color.  The animal was 
then killed. 
Quite similar results were obtained when chloropicrin was employed. 
The  following abstract  of  a  typical protocol,  together with  Fig.  2 
giving the blood pressure record, will demonstrate this fact. 
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been fed previously; chloropicrin in a  concentration of 1:10,000 was 
employed for 30 minutes.  23 hours afterwards the cat weighed 3,180 
gin. but was in apparently good condition, though the respiration was 
moderately labored, with slightly snoring inspiration, about 44 to the 
minute, and was accompanied by an expiratory grunt.  The expira- 
tory grunt only became audible some time after expiration had begun. 
The  tongue  and  mucous  membranes  were  slightly  cyanotic.  The 
ordinary pressure  tests yielded the same result which has  been de- 
scribed  in  the  dimethylsulfate animal.  In  this  animal  the  dorsal 
position  also  increased  the  respiratory  difficulty:  the  tip  of  the 
sternum now exhibited a definite depression with each inspiration and 
a  moderate restlessness appeared.  Tracheotomy was  carried out at 
once and a  fair amount of brownish fluid and foam escaped from the 
tracheal wound, which was increased by moderate compression of the 
chest and elevation of the foot of the board.  As soon as the trachea 
had been slit the restlessness of the animal ceased, and it remained 
quiet;  the tongue and mucous membranes became red without any 
trace of cyanosis.  Some respiratory stenosis still  existed,  however, 
for the sternum still showed a slight depression with each inspiration. 
The right  femoral artery and  the left vagosympathetic trunk were 
also exposed.  Fig. 2 shows the blood pressure record of this animal 
before, during, and after stimulation of the left peripheral and central 
vagosylnpathetic stumps; also before and after opening the peritoneal 
cavity  and  while  gently  rubbing  the  parietal  peritoneum.  The 
blood  pressure  curve  of  this  animal  reveals  no  significant  changes 
while  the  parietal  peritoneum  was  rubbed  for  approximately  10 
seconds by the finger.  The cat did not even move, for every move- 
ment is betrayed by a  rise of pressure.  The response of the cardiac 
vagus  to  electrical  stimulation  occurred with  a  weaker  current in 
this cat than in the preceding animal; 200 ram. coil distance sufficed, 
while  100  ram.  were necessary in  the previous cat before a  cardiac 
slowing was  noticeable.  The  reflex respiratory effects in  the  chlo- 
ropicrin  cat  after  stimulation  of the  central  vagus  showed  active 
expiratory stoppages and not inspiratory stoppages as in the dimethyl- 
sulfate animal.  During these respiratory stoppages in active expira- 
tion foam and fluid were occasionally expelled from the trachea.  The 
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sulfate cat.  On the other hand, the chloropicrin cat exhibited a much 
greater sensitiveness of the dilator fibers of the cervical sympathetic, 
for a  coil  distance  of 400  ram.  sufficed to  give  a  definite  pupillary 
dilatation, while 250 mm. was the weakest current which was effective 
in the dimethylsulfate cat. 
In  this  connection  it  must  be mentioned  that  this  cat  exhibited 
definite hippus before tracheotomy had  been carried  out;  the pupils 
dilated  during  inspiration  and  contracted  well  during  expiration. 
The pupils responded  to light  and  varied in diameter  as  the animal 
looked  around  (accommodation).  The lid  reflex was prompt.  The 
arteries  of the  intestine  were  red,  while  the  veins  were moderately 
dark.  The animal was killed later. 
Autopsy of this cat showed a  strong pulmonary  edema;  the lower 
lobes were full of fluid while the upper lobes contained less fluid but 
more foam and air. 
These two abstracts and tracings (Figs. I and 2) reveal unmistakably 
that the capacity for pain perception, both superficial and deep, may 
be enormously reduced by exposure to the two war gases mentioned. 
The  degree  of analgesia  exhibited  by the  two  cats  described  above 
was not observed in all animals but in the great majority the presence 
of a well defined, undoubted analgesia could be readily established. 
The duration of the analgesia could not be determined with accuracy 
because most  of  the  cats  succumbed within  4  days.  After  chloro- 
picrin  intoxication  a  number  of  cats  exhibited,  about  5  days  after 
gassing,  outspoken signs of pain perception when mild pressure tests 
were applied to the tail.  The reaction was so definite that no further 
tests were made.  The same reestablishment  of pain perception was 
also noted in a  chloropicrin cat which survived for 5 months.  After 
dimethylsulfate, on the other hand,  the analgesia may still be present 
to  a  remarkable  degree  even  after  the  lapse  of  6  months.  Fig.  3 
illustrates the one instance I have observed. 
This  cat was a  male weighing 4,250  gin.  originally,  and  had  been 
subjected to the effects of 4 parts  of dimethylsulfate to  10,000 of air 
for 1 hour.  The  effects were severe and  the  animal  did not show a 
change  for  the  better  until  7  days  after  gassing.  10  days  after 
gassing,  food was taken more regularly and the animal moved about 
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was still  alive though markedly emaciated, and weighed 2,890  gm., 
which represents a loss of 1,060 gm.  The emaciation was not due to 
failure to  eat,  for the  animal  ate heartily.  There was  no  definite 
muscular weakness discernible and he walked and jumped on occasion 
like a  normal animal.  The nose showed a  yellowish fluid discharge. 
Both  corneas were spotted with a  central  staphy]omatous leucoma 
and synechias stretched between the upper pole of the iris and the 
cornea of each eye.  The respiration was slow and easy, with slightly 
prolonged  expiration,  and  the  rate  was  40  per  minute.  Moists 
throaty sounds often accompanied the respiration.  The usual test, 
were carried out and no definite signs of pain perception were elicited. 
Fig. 3 represents the blood pressure curve of the animal while being 
tested for deep pain perception.  Both vagosympathetic trunks were 
intact  and  no  tracheotomy was  performed in  this  cat.  It  will  be 
observed that a  pull on the crural nerve caused only a  slight short 
rise of pressure which was considerably less than that obtained when 
the animal was slightly restless just preceding this test.  Opening of 
the abdominal cavity caused no change in the pressure level worth 
mentioning nor did restlessness occur.  That the procedure had caused 
reflexly effective afferent impulses is seen, however, in the rise of the 
pulse rate from 140 to 160 and in the increase of the respiratory rate 
(25  to 32 per minute).  Introduction of the finger into the abdomen 
caused a  short rise of the blood pressure from 126  to  148 ram. Hg. 
and was associated with slight general movements.  These reactions 
surely  indicate  that  sensory  impulses  reached  the  higher  centers, 
but from the general behavior of the cat it seems equally certain that 
these  sensory impulses were perceived as  uncomfortable sensations 
rather than as pain sensations.  The cat was then killed by means of 
ether. 
DISCUSSION. 
The observations reported on preceding pages indicate clearly that 
cats gassed with chloropicrin or dimethylsulfate under the conditions 
mentioned do not react normally when subjected to stimuli which are 
painful  under  ordinary  conditions;  operative  interferences may be 
undertaken, involving the skin,  the deeper interfascial structures of 
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parietal  leaf  rubbed,  without  eliciting  the  ordinary  signs  of  pain. 
In other words, gassing cats with one of these two war liquids endows 
the  treated  animals  with  a  marked  degree  of  analgesia  both  for 
superficial as well as for deep pain stimuli. 
The  question  now arises  how  this  experimental  analgesia  is  pro- 
duced, whether there is any single factor at work which may explain 
this  curious  effect  of  at  least  two,  chemically  different  war  gases. 
There are four possibilities to be considered: (1) anesthesia of the sen- 
sory nerve endings of  the  skin;  (2)  blocking of sensory impulses in 
the nerve trunks; (3) that the analgesia does not exist in reality but is 
simulated by the fact that motor weakess prevents expression of the 
normal reaction to pain stimuli; and  (4)  that the higher centers are 
largely unable  to perceive pain stimuli.  It must be stated  at  once 
that  some  of  these  factors  can  be  excluded  with  considerable  cer- 
tainty, yet perhaps all may be involved to some degree in the causa- 
tion of the final result; on the whole, however, one factor appears to 
play a dominant r61e.  The various possibilities will now be discussed 
briefly. 
It  might  be  assumed  that  the  receptive  sensory  endings  in  the 
skin  are  damaged  by  the  war  gas  vapors  which  condense  to  some 
extent at least in the fur of the animals.  Such a condensation appar- 
ently does take place, for the behavior of fleas, with which most of the 
cats  were  infested,  indicates  this.  Shortly  after  gassing  the  fleas 
always became restless, left the deeper portions of the fur, and climbed 
to the extreme tip of the longer hairs where they maintained a  pre- 
carious position with difficulty until increasing weakness caused them 
to fall or jump feebly to the floor of the gas chamber where they died. 
The experimental evidence at my disposal does not permit any state- 
ment as to whether or not the two war gases produced the postulated 
skin  anesthesia,  but  the  facts  already  submitted  show  definitely 
that such an anesthesia fails to explain the presence of  analgesia to 
deep pain stimuli (stimulation of nerve trunks, opening of the perito- 
neal  cavity;  see  Figs  1  to  3).  The localized  analgesia  observed in 
gassed  soldiers  by  Naiding  would  seem  to  indicate,  however,  that 
under certain conditions some war gases may destroy the functional 
activity  of  the  sensory  skin  endings.  It  is  possible  that  this  local 
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80  per cent of his patients complained of pain in the chest, asthma, 
or coughing. 
The second possibility was a  blocking of sensory impulses in  the 
nerve  trunks  subsequent  to  the  inhalation  of  the  war gases.  The 
experiments  and  tracings  give  no  support  to  this  supposition.  In 
numerous instances typical analgesia was present when examination 
revealed a  prompt knee jerk,  a  pupil  responding normally to light, 
accommodation  and  sympathetic  nerve  stimulation,  and  prompt, 
effective, medullary reflexes when  the  central  vagus  and  depressor 
nerves were stimulated  (see Figs.  1 and 2).  These results would be 
impossible if conductivity in the nerve trunks were strongly reduced. 
Whether  or  not,  however,  a  qualitative  blocking  for  pain  stimuli 
existed  cannot  be  discussed  profitably  in  the present state  of  our 
knowledge. 
The  third  possibility  considered  the  analgesia  as  non-existent 
in reality and assumed that peripheral motor weakness prevented the 
normal response to pain stimuli.  This explanation is absolutely dis- 
proved by the fact that stimulation of a motor nerve produces normal 
muscular contractions, and by the further fact that the gassed muscle, 
for example the tibialis anticus, may show little if any greater fatiga- 
bility than  a  normal muscle when stimulated directly, or indirectly 
through  the  severed peroneal  nerve,  the  muscle being  left in  situ 
with blood and motor nerve supply intact. 
There  remains  for  consideration  the  fourth  possibility,  that  the 
higher  centers  are  largely unable  to  perceive pain stimuli as  such, 
and  this  assumption  satisfactorily  explains  all  the  observed  facts. 
The foundation for this belief has already been presented by exclusion 
in the discussion of the three explanations of war gas analgesia, all of 
which  placed  the  cause  in  the  periphery.  The  dismissal  of  these 
peripheral  causes  as  inadequate  or  inadmissible  compels  the  view 
that  the  cause must be located in  the higher centers.  The higher 
cerebral centers,  therefore,  after  gassing  with  dimethylsulfate  or 
chloropicrin are apparently so altered that ordinary pain stimuli are 
no longer recognized as such, and this alteration does not appreciably 
interfere with execution of most of the basic reflexes which link the 
functional organism into a unit. 
What the nature of this alteration may be can be inferred to some jom~ AV~i~  III 
extent after  determination  of  the  active  agent  which causes  these 
specific  changes  in  the  higher  nerve  cells  In  the  search  for  this 
agent it might be  assumed that  the war gases producing analgesia 
perhaps show similar chemical groupings or structures and that this 
is  causally related to the production of analgesia.  There is no defi- 
nite  basis  for this supposition beyond the fact that  the three gases 
which have been  described as  producing analgesia,  dimethylsulfate 
((CH3)~ SO,), chloropicrin (CC13 NO2), and phosgene (COC12), may all 
be considered methane derivatives.  The observation, however, that 
generalized  analgesia may persist  for  6  months  after  gassing  (see 
Fig.  3)  renders  the  view  quite  improbable  that  the  war  gas  itself 
is the agent directly producing the analgesia.  As far as I know there 
is no volatile chemical substance, excluding sublimation of the heavy 
metals, which can exert an effect in the body lasting for months after 
a  single  administration.  It  is  therefore  necessary  to  seek  among 
the  secondary  effects  of  war  gases  for  the  common  agent  which 
produces analgesia.  This  common agent I  believe to be  a  general, 
persistent, low grade asphyxia.  The reasons are as follows: 
It was noted that moderate exertion of short duration changed the 
pinkish  buccal  mucous  membranes  of  the  resting  cat  to  a  bluish 
cyanotic color; a  mere change of position,  for example extension on 
the  back,  often sufficed  to  bring  on  a  notable  cyanosis  associated 
with restlessness, dilatation of the  pupil  and  increased dyspnea;  all 
of these undesirable  results  generally could be  relieved by  trache- 
otomy.  Autopsyof these animals revealed thepulmonaryair passages 
largely filled with  a  membranous exudate or with  edema fluid.  It 
therefore seemed clear  that  during life  the  lung  ventilation barely 
sufficed for the vital needs of the organism, and that a small additional 
respiratory  difficulty  or  increased  production  of  CO~. (struggles) 
brought on an obvious asphyxia.  Furthermore, there seemed to be 
a  definite association between the presence of marked analgesia and 
the functional capacity of the lung.  Thus a  number of chloropicrin 
survivors  exhibited  normal  reactions  to  moderate pressure  stimuli 
about  6  days  after  gassing.  These  responses  were  so  clear  that 
further tests were not deemed justifiable and were therefore omitted. 
After  killing  these  cats  with  chloroform,  examination  showed the 
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collapsed normally on opening the chest cavity, section  revealed no 
trace of edema, and there was no stenosis of the air passages.  The 
only marked abnormality was atelectasis of one or more of the upper 
lobes.  In these cats,  therefore, pulmonary ventilation of the blood 
was practically normal and no asphyxia existed.  On the other hand, 
a  dlmethylsulfate survivor  exhibited  a  typical  analgesia  6  months 
after the date of gassing (see Fig. 3).  Autopsy of this cat exposed a 
voluminous lung which collapsed but slightly on opening the chest; 
its borders were emphysematous and section disclosed the pulmonary 
passages  including the  trachea,  apparently completely filled with  a 
yellowish,  semifluid,  gelatinous  exudate  resting  on  a  tough  mem- 
branous base.  The mechanical obstruction in the trachea, bronchi, 
and bronchioles was such that pulmonic ventilation seemed impossible, 
and yet no signs of respiratory distress  were observed while the  cat 
was walking about; indeed the cat seemed quite comfortable for  it 
often raised its  tail  to a  vertical position,  rubbed itself against  the 
observer, and made moist, purring sounds.  In this cat a low grade, 
chronic asphyxia surely existed. 
The various facts presented above legitimize the inference that  a 
systemic, low grade asphyxia of pulmonic origin is a  primary factor 
in  creating and  maintaining  the  generalized analgesia  described in 
this  paper.  Other  factors  probably  also  contribute  to  the  final 
result.  Among these, inspissation of the blood  4 due to edema, saliva- 
tion,  vomiting,  and  deficient fluid  intake,  and  cellular changes  s in 
various parenchymatous organs of primary or secondary origin, may 
be of some value.  The formation of methemoglobin apparently does 
not take place to any extent with the doses of dimethylsulfate and 
chloropicrin  employed  in  these  experiments.  The  most  asphycfic 
blood readily turned to a  bright red color when lightly shaken with 
some Ringer solution; moreover,  Gildemeister and Heubner  e report 
4  A careful study of various blood changes after chloropicrin, phosgene, and 
chlorine inhalations in the dog has been made by Underhill (Underhill, F. P., 
The lethal war gases: physiology and experimental treatment, NewHaven, 1920). 
5 See Gildemeister,  M., and Heubner, W., Z. ges. exp. Med.,  1921, xiii, 325, for 
a description of cellular changes after chloropicrin. 
6 Gildemeister, M., and Heubner, W., Z. ges. exp. Med., 1921, xiii, 315. jo~  AUEZ  113, 
only doubtful spectroscopic signs  of methemoglobin  in  the blood of 
cats,  even  when  the doses  of chloropicrin  were  so large  that  death 
resulted within 15 to 18 minutes. 
The  analgesia  described  in  the  preceding  pages  may  be  of  some 
practical  importance  in  the human  subject.  In  gassed  soldiers,  for 
example, where surgical intervention is necessary, it is quite probable 
that  little  or perhaps  even no  general  anesthetic  may be necessary. 
This  would  be  desirable  because  it  removes,  for  some  patients  at 
least, the danger of a general anesthesia by means of ether or chloro- 
form in a partially asphyctic individual.  Another benefit would be a 
conservation  of  the  immediately  available  supply  of anesthetics,  a 
factor of some importance for stations in the field of operations where 
transport  facilities are never ideal. 
SL~ARY. 
Cats gassed with dimethylsulfate or chloropicrin in such concentra-- 
tion  that  death  generally  results  within  4  days,  usually  exhibit  a 
marked generalized analgesia, both superficial  and  deep. 
Gassed cats react with no obvious sign of pain  to operative inter- 
ferences,  including  laparotomy  and  genre  friction  of  the  parietal 
peritoneum. 
The  analgesia  develops  within  a  few  hours  after  gassing,  and 
reaches its maximum  in about 24 hours.  With  dimethylsulfate  the 
analgesia  may  persist  for  6  months;  with  chloropicrin  practically 
normal sensitiveness has been observed 7 days after gassing. 
This  analgesia  is  considered  to be caused and  maintained  largely 
by a  general, low grade, tissue asphyxia which is chiefly of pulmonic 
origin. 
EXPLANATION OF PLATES. 
The blood pressure curves were recorded from the right femoral artery with a 
mercury manometer.  The anticoagulant  for the tubing  was one-half saturated 
sodium sulfate solution. 
The time marker registers 4 second intervals, and the time line represents  also 
the line of zero pressure. 
The broad white bands on the line below the time record indicate the time and 
duration  of nerve stimulation. 
l.p.v,  indicates left peripheral vagosympathetic trunk;  l.c.v.,  left central vago- 
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Electrical stimulation:  Petzold induction coil with two Daniell cells, platinum 
point  cable  electrodes;  numbers refer to distance in millimeters between  primary 
and  secondary  coils. 
PLATE 4. 
FIG. 1.  Gray and white cat,  male; weight 3,760 gm.  Gassed with dimethyl- 
sulfate 4.5 to 10,000 for 1 hour.  Tracing obtained 26 hours after gassing.  Trache- 
otomy  performed.  Left  vagosympathetic  nerve  cut  during  experiment;  right 
intact.  In  this  cat  the  abdominal  cavity was  later  opened  and  the  parietal 
peritoneum gently rubbed without causing any pain. 
PLATE 5. 
FIG. 2.  Maltese  cat,  female;  weight  3,180  gm.  Gassed  with  chloropicrin 
I  to 10,000 for 30 minutes.  Tracing made 23 hours after gassing.  Tracheotomy 
necessary because  of pulmonary  edema.  Left vagosympathetic nerve  severed 
before record was taken.  Slight rolling motions at  the beginning of the record 
are betrayed by the two moderate pressure elevations near the beginning of the 
curve.  Note very slight effect of rubbing the parietal peritoneum for 12 seconds 
towards the end of the tracing. 
PLATE 6. 
FIo. 3.  White and gray cat,  male; weight 4,250 gin.  Gassed with dimethyl- 
sulfate 4  to 10,000 for 1 hour.  Tracing obtained 6 months later; weight at this 
time 2,890 gin.  Both vagi were intact; no tracheotomy was necessary.  Opening 
of the peritoneal  cavity and insertion  of a  finger caused only a  slight  general 
movement associated with a rise of 20 mm. in blood pressure.  The blood p~essure, 
pulse rate, and respiratory rate were the same at the end of the tracing as at the 
beginning:  130 mm., 165 heart beats, and 30 to 32 respirations per minute. 